In many areas time imaging still represents the majority of seismic imaging activity in the industry. In this context pre-stack time migration remains a central process. We propose a new approach for estimating various kinematic attributes associated with pre-stack time migrated results. Our approach is based on a kinematic demigration of locally coherent events characterized by their position and dip in common offset time migrated images. The reflection angle, the instantaneous velocity or the geological dip can be estimated with the assumption that time imaging exactly positions laterally the events. In addition, the stretch factor and the "kinematic invariants" (the demigrated facet in the unmigrated domain!) can be recovered accurately independently of the positioning accuracy of time imaging. As opposed to many conventional approaches, the estimation is directly based on the travel time curves used in pre-stack time migration with no assumption regarding the structural dips or the lateral variations of the velocity model. The attributes may be used at various steps of the processing sequence: stretch factor to design de-stretching operators, reflection angle to design partial angle stacks for AVO/AVA studies and kinematic invariants to perform reflection tomography. (2002) an efficient kinematic demigration process can be also used to obtain these attributes (for example those necessary for tomography).
Summary
In many areas time imaging still represents the majority of seismic imaging activity in the industry. In this context pre-stack time migration remains a central process. We propose a new approach for estimating various kinematic attributes associated with pre-stack time migrated results. Our approach is based on a kinematic demigration of locally coherent events characterized by their position and dip in common offset time migrated images. The reflection angle, the instantaneous velocity or the geological dip can be estimated with the assumption that time imaging exactly positions laterally the events. In addition, the stretch factor and the "kinematic invariants" (the demigrated facet in the unmigrated domain!) can be recovered accurately independently of the positioning accuracy of time imaging. As opposed to many conventional approaches, the estimation is directly based on the travel time curves used in pre-stack time migration with no assumption regarding the structural dips or the lateral variations of the velocity model. The attributes may be used at various steps of the processing sequence: stretch factor to design de-stretching operators, reflection angle to design partial angle stacks for AVO/AVA studies and kinematic invariants to perform reflection tomography.
Introduction
Pre-stack time migration (PreSTM) still represents the majority of seismic imaging activity in the industry. The reason for this is the speed and robustness of time imaging and its ability to focus seismic reflectors for most geological settings. Various kinematic attributes have been introduced for the analysis of PreSTM gathers. For example, the reflection angle can be used to produce angle stacks, or the instantaneous velocity can be used for deriving an approximate interval velocity model. However in most studies the estimation of these attributes is based on simplified approximations, as for example in Walden (1991) for scattering angle estimation or in Dix approximation for interval velocity estimation. In the domain of depth migration many methods have been proposed for deriving relevant and accurate attributes for the analysis of the migrated images. Bleistein (1987) for example proposed a technique of "migration of attributes" to estimate accurately various kinematic attributes by a technique of double migration. As shown by Guillaume et al., (2001) or Chauris et al. (2002) an efficient kinematic demigration process can be also used to obtain these attributes (for example those necessary for tomography). In this paper we extend this later approach to PreSTM and propose in addition some kinematic attributes specific to time imaging, such as instantaneous velocity. First we present kinematic time demigration based on gradients of travel times and then we show how to derive kinematic attributes useful for the analysis of PreSTM results.
Kinematic time demigration
Kinematic time demigration applies to a time migrated facet defined in a common offset time migrated image by its position, (X, T mig ), and dip,
(1)
From this the shot and receiver locations SR, recording/un-migrated time T SR , and the slope corresponding to the associated locally coherent event in the un-migrated section ( Figure 1 ) can be derived. Let us consider a common offset gather of un-migrated traces, ( )
, where m is the midpoint position, h is the offset and t is the recording time. The common offset time migrated image at position X, time T mig, and offset h, can be expressed as the common offset trace summation
where ( )
is the amplitude factor of the time migration kernel, and
is the two-way travel time of the time migration kernel. It can be decom-posed into two one-way travel times corresponding to the source and receiver paths,
where S and R are the source and receiver positions at surface respectively. Following the migration equations given in Chauris et al. (2002) for depth migration, we can derive the following focusing equation for time imaging, From this equation we see that performing a kinematic demigration means estimating m for a given position, dip and offset, such that focusing equation (4) is satisfied. This can be done using a local optimisation scheme. As soon as the midpoint position is determined we can obtain the source and receiver positions but also, considering the expressions given in Chauris et al. (2002) , the observed time and slope of the locally coherent event in the un-migrated time migrated section (Figure 1 
Note that the same velocity model as for the PreSTM has to be used in order to ensure that the demigrated parameters really correspond to a locally coherent event in the unmigrated section. If so, parameters ( ) slope , T , R , S obs do not depend on the velocity model used for the migration-demigration and are called "kinematic invariants" (Guillaume et al., 2001 ). The "Kinematic invariants" are the first kinematic attributes that we have derived from a time migrated image, but some additional kinematic attributes may also be valuable. The key information for deriving all these attributes is the "gradient" of travel times (Figure 2 ), which provides information on the illumination pattern at the imaging point. From the gradients of the one-way travel times (Figure 2 ), we can obtain the "gradient" of the two-way travel time, whose vertical component is the local "vertical" stretching of the time migrated image for the considered offset (Figure 3 ). This quantity is important because it expresses the local time stretch of the migrated traces compared to the un-migrated ones. The vertical stretching factor can be used also for determining the reflection angle. Assuming that: 1) the time velocity model perfectly flattens the CIGs, 2) the reflectors are located at their right position, 3) the interval velocity model is isotropic, we can obtain, for a given position and dip in the common offset time migrated image, the cosine of the reflection angle from the ratio of the vertical stretching factors obtained at this offset and at zero offset (Figure 3 ). The gradients of the one-way travel time function can also provide us with the instantaneous velocity (Figure 4) . This instantaneous velocity is obtained from the Eikonal equation,
Computation of kinematic attributes
(Where Z denotes the depth), and from depth to time, ( Z → T mig ), conversion relation
Instantaneous velocity can be also helpful for defining the local dip in the depth domain, dip depth (Figure 4 ).
Example "Kinematic attributes" computed by time demigration can be used at various steps of the seismic imaging workflow. The "kinematic invariants" can be used directly in depth tomographic tools as shown in Guillaume et al. (2001) , Lambaré et al. (2007a Lambaré et al. ( , 2007b or Nguyen et al. (2008) . The other attributes have also direct applications in mapping reflection angle, for de-stretching purpose (Lecerf et al., 2007 (Lecerf et al., , 2008 or AVO-AVA studies. We propose here, as an example, the computation of the instantaneous velocity and the reflection angle for a 1D velocity model. The effective velocity is given on Figure 5 , left. We consider a CIG ranging from 0. to 10. km offset and from 0. to 7.2 s. We perform kinematic demigration using the exact effective velocity model and assuming a zero dip time . Figure 5 , right, shows the corresponding maps for the instantaneous velocity, and the reflection angle. The angle map can be used directly for a de-stretching process (Lecerf et al., 2007) or an angle stack definition valid even for large incidence. Instantaneous velocity exhibits some slight variations in the offset direction which means that some interval anisotropy exists for this effective velocity model. The instantaneous velocity could be used for a rough vertical time to depth conversion, but also for determining the dip in depth and the incident directions of the rays. 1D effective model with effective velocity and η (Siliqi and Bousquié, 2000) , instantaneous velocity profile obtained for offset, 1 km, and offset to angle map.
Conclusions
We propose an accurate way to compute "kinematic attributes" for PreSTM results. Our approach is based on kinematic time demigration with no assumptions on the dip, on the lateral variation and on the travel time curves. It allows the computation of reflection angle, stretch factor, instantaneous velocity, incidence angles, "kinematic invariants", etc …. These attributes can be used at various steps of the seismic processing workflow, such as the design of angle mute, de-stretching, AVO/AVA analysis, or tomography. We believe our approach exhibits a real improvement with respect to conventional approaches penalized by various assumptions.
